Abstract: Aims: To study the effects of pyridoxal phosphate (PLP) on oxidative stress in isolated pancreatic acinar cells. We have previously shown that PLP has cytoprotective and insulinotropic effects on mice islet cells in vivo and in vitro studies. Main methods: Acinar cells were isolated from three months old WNIN male rats and were cultured in vitro for a period of 24 h in CO2 incubator. Later the cells were divided into four groups as untreated (group 1), H2O2 treatment (group 2), PLP treatment (group 3) and PLP followed by H2O2 treatment (group 4). Cell viability was confirmed using MTT assays, oxidative stress levels were measured with ROS assay, change in different protein levels were recorded by flow cytometry. The acinar cells insulin secretion assay was performed with ELISA. The amylase protein expression was assessed using confocal microscopy. Key findings: The cell viability of acinar cell in group 1 was considered as 100%, while in group 2 it was reduced to 82% due to H2O2 effect, and in group 3 (99.8%) and group 4 (99.5%) were near to group 1 due to the cytoprotective effect of PLP. The ROS levels were increased by 1.47 folds in group 2, while PLP decreased to 1.02 fold in group 4, which was comparable with the changes in group 1. Beneficial effects of PLP were also observed from the increased expression levels of acinar cells are amylase -2.01, neurogenin-3-9.51, PDX-1-23.6 and insulin-13.5 in group 3 compared to group 1. The specificity of PLP's response was confirmed by amino oxy acetic acid (AOAA), a specific PLP inhibitor. The increased amylase protein localization with PLP was confirmed by confocal microscopy. Insulin secretion efficiency of acinar cells was observed to be 6.13 folds higher at basal and 24.63 fold higher at stimulated levels in group3 compared to group1. Significance: Our results advocate the antioxidant and cytoprotective effects of PLP on the pancreatic acinar cell along with increased pancreatic marker expressions of amylase,PDX-1, neurogenin-3 and insulin proteins.
Introduction
Reactive oxygen species (ROS) generated in healthy or diseased cells is degraded through protective antioxidant machinery; consequently it leads to oxidative stress (OS). Which is believed to play an important role in the mediation of cell injury, DNA damage, oxidation of amino acids, lipid peroxidation, protein-protein cross talk were leads loss of its functions due to poor defence system of the organ [1] . Other side reactive oxygen species (ROS) is not only a toxic cellular metabolic product that is frequently associated with disease conditions, but it may be act as critical intermediate stage of cellular signalling pathways [2] . Several agents are responsible for generation of oxidative stress. One such recognized and popular agent is hydrogen peroxide (H2O2), which results in DNA damage, decreased in protein and lipid levels of cell [3] through increasing intracellular ROS levels [4] leads to cellular damage [5, 6] and other complications.
Pancreatic tissue is highly susceptible to oxidative damage compared to all other organs in the body, due to a weak anti-oxidant defence system [7] . The elevated levels of oxidative stress were showed to cause beta cell dysfunctions due to an impaired insulin secretion. In recent times there has been a great interest to explore alternative strategies to improve glycemic control in diabetes by preventing/rescuing the islets from beta-cell death and damage due to high oxidative stress [8] . The promises of antioxidants like Vitamin C [9, 10] , Vitamin E [11] , N-acetyl-L-cysteine [12] , epictechin [13] and curcumin [14] were to ameliorate the free radical effects have been well documented both in vitro and in vivo model systems of diabetes [15] to some extent in human subjects [16] . Working in this direction, our previous work from our lab investigated the cytoprotective and insulinotrophic effects of PLP (coenzyme form of Vitamin B6) against STZinduced beta-cell dysfunction, advocating its potent anti-oxidative functions [17] . Further, the efficacy of Vitamin B6 against ROS-related toxicity has been shown in plant model systems was in the order of pyridoxal > pyridoxine> pyridoxamine [18] .
Pancreatic tissues possess a surprising capacity of regeneration. Bonner-Weir and coworkers studied pancreatectomy in rats as a model for diabetes and demonstrated that within 8-10 weeks following 90% removal of the pancreas there was considerable regeneration of both functional exocrine and endocrine tissue [19, 20] . Pancreatic exocrine cells were expressed of insulinproducing β cells by expressing PDX1, NGN3, and MAFA Genes [21] [22] [23] . However, pancreatic acinar cells were convert into ductal cells and direct evidence for acinar-to-ductal transdifferentiation was provided both in vitro [24, 25] and in vivo [26, 27] . Cell lineage tracing experiments were revealed the origin of the newly made insulin-secreting cells from pancreatic acinar cells [25, 28] . Our present work have focused on isolation of acinar cells and assessment of cell integrity, viability and cyto-protectivity of PLP along with its key regulatory proteins of pancreas against H2O2 induced stress in acinar cells.
Material and Methods

Animals
This study was approved by the Institutional Animal Ethical Committee (IAEC Committee, NCLAS, NIN (ICMR), Hyderabad/Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) (Regd. No. 154/1999/CPCSEA) and experiments were carried out as per the animal ethical norms. Three months old male WNIN rats were collected from the colony, housed in cages, fed on regular rat chow and maintained under optimal ambience of temperature, light (12 hour dark/light cycles), oxygen, humidity and ventilation till sacrifice. All studies were performed under identical conditions. Animals were subjected to a 16 h fasting prior to euthenization to normalize for the differences in feeding patterns. 
Reagents and antibodies
PLP and H2O2 treatments
PLP concentrations for the study were optimized from 0.5, 1, 2.5, 5 and 10 mM and based on maximum amylase protein expression; we have subsequently used 5 mM PLP for all the experimental groups. We have used 100 µM concentration of H2O2 [29] as reported in astrocytes cells.
Isolation and Maintenance of Primary cultures of Acinar cells
Acinar cells isolation protocol has been similar to the method [30] , with minor modifications. Briefly, soon after dissection of the pancreas, around 350-400 mg tissue was collected in plain RPMI medium with 1X pencillin-streptomycin antibiotic. The tissue was minced into small pieces, washed and re-suspended in isolation buffer (1mg/mL collagenase type II (sigma) and 0.1%Trypsin EDTA (instead of collagenase IV), 104 mM NaCl, 5mM KCl, 2 mM CaCl2, 1.2 mM MgCl2, 25 mM HEPES, 2.5 mM D-Glucose, 0.1% BSA, 1 mM NaH2PO4, 0.01 % non essential amino acid and 0.01 % soyabean trypsin inhibitor adjusted to pH 7.4) and incubated for 15 minutes at room temperature at speed of 40 isnt it too less rpm for 15 minutes. After repeated washings and centrifugations, the obtained acinar enriched fraction with very less percentages of islets and ducts as interfering cells. The acinar cells were suspended in Hams F-12 with 10% FBS and maintained (37 o C temperature and 95% humidity in 5% CO2) for a period of 24 hr. These cells were checked for viability and were characterized for the protein expression and functional assays.
Experimental design
The primary acinar cells isolated from pancreas of 3 months old WNIN male rats were maintained in Hams F12 with 10% FBS for 24 hours. These cells were divided in to 4 groups; Cells in group1 were maintained in Hams F12 with 10% FBS and were considered as control, Group 2 cells were similar to group 1, but were treated with 100 µM H2O2 for 30 min and considered as H2O2 treated group, Group 3 cells were treated with 5 mM PLP and considered as PLP treated group while Group 4 cells were similar to group 3, but had a post treatment with 100 µM H2O2 for a period of 30 minutes and considered as PLP with H2O2 group.
Viability assay
Cell viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay [31] . Briefly, acinar cells (1X 10 5 ) were collected and incubated with PLP (5 mM) for 24 h and viability was measured by uptake of MTT reagent wavelength at 532 nm of all groups.
FACS Analysis
The percentage of amylase (dilution: 1in 200), insulin (dilution: 1in 200), PDX-1(dilution: 1in 100), Neurogenin-3 (dilution: 1in 100) expressions were computed from treated and untreated cells by FACS analysis. Briefly; cells (1X10 6 ) fixed with 70 % chilled ethanol for 2 h at -20°C and washed with 1X PBS solution was followed by permiabilization with 0.05% Triton 100X and 0.001% Tween-20 solution. Cells were incubated with 2% BSA in PBS solution for 30 min for reducing the background, followed by primary antibody for 1 h and washed with 1X PBS and followed by secondary antibody for 1 h. The percentages of proteins were analysed by FACS Diva software (FACS Aria II, BD,CA).
Measurement of oxidative stress
1x10 5 acinar cells were taken to measure cellular ROS using dichloro fluorescein diacetate (DCFDA) at an excitation wavelength of 485 nm and emission at a wavelength of 535 nm in all the groups by enzyme linked immune sorbent assay (ELISA) [32] . The values were expressed in relative fluorescence units (RFU).
Immunohistochemistry
Immuno histochemistry experiment was performed for isolated acinar cells with and without PLP treatments using cytospin sections (cytospin machine at 1000 rpm for 3 minutes (slight modification) of the acinar cells. Briefly, 2x10 3 cells were fixed with 4% paraformaldehyde, washed with 1X PBS permeabilized with 0.05% triton 100X with 0.001% tween-20 solution for 6 min, and blocked with 2% BSA solution. Further cells were incubated with primary antibody amylase (1: 200 dilutions) for 1 h followed by secondary antibody anti-rabbit FITC (1: 200). Cytospin sections were mounted with DAPI containing medium which stains nuclei of cells. The images were captured by using confocal microscopy (Leica, SP5 series, Germany).
Insulin secretion assay
Insulin secretion assay (ISA) was performed as per the earlier reported method (Kiran et al., 2011) [17] . Briefly, acinar cells (1X10 5 ) were subjected to insulin secretion at basal (5.5 mmol/L) followed by high glucose challenge (16.5 mmol/L) in Krebs Ringer Bicarbonate (KRB) buffer. Insulin secreted into the buffer was estimated using High Range Rat Insulin ELISA Kit (Mercodia, Sweden) and values were represented as µU/L insulin/mg protein.
Statistical analyses
Descriptive statistics (Mean, SE) were calculated for all the samples. To compare between the group analysis of variance (ANOVA) followed by post hoc tests (LSD/Dunnett's C test) were carried out based on Levene's test for equality of error variances. Data were expressed as mean ± SE computed from experiments performed in triplicates per group. p<0.05 was considered significant for all the tests. All the statistical analyses were performed using Graph pad prism 5.
Results
Morphology of acinar cells
Isolated acinar cells maintained under culture conditions with 5 mM PLP (Fig. 1C) showed cell morphology with intact boundaries. Unlike those with 100 µM H2O2 treatment for 30 minutes, which showed slight disintegration of morphology (Fig.1B ) the control cells (Fig. 1A) or cells with PLP treatment (Fig.1 B) which showed cells with intact boundaries. The cells maintained in 5mM PLP for 23.5 hours and 100µM H2O2 treatment for 30 minutes before collection showed normal cell integrity. 
Cell viability
Viability assay of the acinar cells showed 82% viability in group 2 (only H2O2), 99% in group 3 (PLP) and group 4 (PLP+H2O2) with respect to group 1 which was considered as 100% control (Figure 2 ). 
Demonstration of amylase protein expression in acinar cells
Acinar cells are rich in amylase protein expression, which is useful for the digestive property of the tissue. Here, we had checked the impact of oxidative stress induced by 100 µM H2O2 on acinar cells in vitro. Data in Figure 4A represents that amylase expression was decreased by 2.20 fold in group3 compared with group1 (control). Further amylase protein expression was decreased by 2.20 folds upon treatment with H2O2 (group 2) to group1 cells, but presence of PLP had increased the expression by 2.20 folds and in cells pre-treated with PLP (group4) no effect was observed upon H2O2 treatment ( Figure 4A ). The specificity of PLP in amylase protein expression was negated with its specific inhibitor (AOAA) (Figure 4B ), where amylase localization was increased significantly in group3 cells as observed with confocal microscopy ( Figure 4C ). Why so many 2.20 folds 
FACS analysis of Ngn3, PDX-1 and insulin proteins
The pancreatic transcription factor Ngn3 expression was increased by 9.4 folds in PLP (group3), and H2O2 treatment was slightly increased 1.51 folds (group2) as well as group4 was increased 5.6 folds ( Figure 5A ). In similar way another transcription factor PDX-1 expression was increased 23.6 folds in PLP treated cells (group3), and H2O2 treatment has slightly increased to 1.13 folds (group2), but group4 was increased 25.82 folds ( Figure 5B ). Another protein insulin expression was increased 13.58 folds PLP treatment (group3), and H2O2 treatment was slightly increased 1.58 folds (group2) and group4 was decreased 4.26 folds ( Figure 5C ). 
5C) Insulin
Insulin secretion assay Table. 1 shows the insulin secretion assay carried out in primary acinar cell cultures for all the four groups. Insulin secretion in group3 has increased by 7.13 folds at basal (5.5mmol/L) and by 24.57 folds at stimulated (16.5mmol/L) condition. However, in group4 cells the increase was only 2.34 folds at basal (5.5mmol/L) and 5.65 folds at stimulated (16.5 mmol/L) level was compared to group1 
Discussion
PLP is an active form of vitamin B6, well known for its anti-oxidant activity. The published work from our group was demonstrated cytoprotective and insulinotrophic effects of PLP against STZ induced beta cell dysfunction. It further expanded 5 mM PLP concentration was elicit the action in both in vivo and in vitro [17] . But, effect PLP on exocrine fraction of acinar cells in pancreas was not known. Our study, demonstrates for the first time, cytoprotective effect of PLP on H2O2-induced OS in isolated acinar cells. It was known that OS damages mitochondria in acinar cells [33] which might be the possible mechanism of free radical injury in this cellular fraction [34] . Another study reported that H2O2 induces OS, which affects the integrity of plasma membrane, cytoskeleton arrangements and cell-cell interaction, actin polymerization in rat astrocytes [29] . In similar lines, we have checked the effect of PLP on isolated acinar cells. Acinar cells are known for amylase protein expression, the maximal amylase expression was elicited with 5mM concentration (from the range of 0.5, 1, 2.5, 5, 10mM of PLP (Complete data was not presented).
This 5mM PLP concentration was used for all further experiments in this study for group (groups 3&4). Further a significant increased in the protein levels of amylase (2.20 folds) were observed in group3; where PLP was present, whereas H2O2 induced stress in group2 significantly reduced in amylase (3.54 folds) expression was assessed by the FACS analysis. But, PLP treated cells were cytoprotected from H2O2 induced damage (Fig. 4A) . The increased amylase expression was with PLP's effect was confirmed by using PLP inhibitor AOAA (Fig. 4B) . Further, immunohistochemical analysis experiment reiterated the significant increased amylase expression with PLP (Fig.4C) . The role of oxidative stress (OS) in the pathogenesis and complications of diabetes mellitus studies were well documented [35, 36] . ROS induced with different forms of chemical treatments; one of known agent is H2O2; which also acted as a signalling molecule to trigger cellular apoptotic pathways [37] [38] [39] [40] [41] . The different concentrations (0-400µM) range was used to induce OS in astrocyte membrane and cytoskeleton in cultured cells [29] . It also disrupts the intracellular transport of digestive enzyme, leading to their premature activation form [42] . We also observed similar way of elevated levels of ROS being induced with H2O2 (group2) in acinar cells, which was normalized in presence of PLP (group4) and alone PLP effect was comparable with group1 ( Fig.3) . The PLP treatment group3 and control group1 had same morphology; whereas the cellular morphology in group2 was slight disintegrated (Fig.1) . It may be due to the induced ROS was damages the edges of the acinar cells. However, the viability of cells in culture showed no significant difference among all the four groups (Fig.2) .
Generation of β-Cells from exocrine pancreas is a novel source of new cells. It was reported that acinar cells can transdifferentiate into insulin secreting cells [43] . It was also reported that development of pancreas (exocrine/ endocrine) was regulated by a number of genes and transcription factors among which PDX-1, Ngn3 and MafA are essential for the trans-differentiation of endocrine cells. Among these, PDX-1 controls growth and development of pancreatic bud and Ngn3 was required for endocrine progenitors [44] [45] [46] . The duodenal homeobox-1 (PDX-1) was important marker has been used in development and differentiation of exocrine, endocrine and ductal epithelial cells [47] . It was expressed in the gut region of pancreas and give rise to all three types of pancreatic tissue -endocrine, exocrine and duct cells [48, 49] . Present study was expressed of this pancreatic transcription factor PDX-1 (protein) were increased by 23.6 folds in group3, but only slightly increased in group2 by 1.13 folds, while cells were in group4 showed an increase by 25.82 folds (Fig. 5B) . Apart from PDX-1, neurogenin-3 another important pancreatic transcription factor plays an important role in pancreatic tissue generation, regulation and islet [21] development. It was reported that independent and synergistic effects of Pdx1, Ngn3 are observed when acinar cells are converted into β-like cells [50] . In our study, we observed a significant increased in the expressions of Ngn3 by 9.4 folds in the presence of PLP (group3) compared with untreated cells (group1) and H2O2 treatment had slightly increased (1.51 fold) (group2) its levels along with group4 cells (exposed with PLP followed H2O2) which had depicted an increase by 5.6 folds (Fig. 5A ). These observations have proved the role of PLP in up regulation of transcription factors PDX-1 and Ngn3 in acinar cells.
The study from type-1 diabetes animal model [28] acinar cells secrets insulin via Cre/Lox lineage tracing system in adult mice [25] was documented. We have estimated insulin protein expression levels in presence of PLP. Our observations demonstrated that PLP presence (group3) increased insulin protein expression by 13.58 folds, where as group4 was decreased 4.26 folds. Alone, H2O2 treatment (group2) had slightly increased 1.58 folds, but it was not significant change to compare with control (Fig.5C) . In similar lines, secreted insulin levels measured with insulin secretion assay, showed a 7.13 folds increase at basal levels and 24.57 folds at stimulated in group3 cells was a significant difference. The cells in group4, where PLP treatment fallowed H2O2 have not showed impact by increasing of 2.34 folds at basal and 5.65 folds at stimulated conditions. Based on these observations PLP presence has undoubtedly increased insulin protein as well as secretion, but it may not completely recovered from H2O2 damage of insulin protein and secreted levels (Table1).
Conclusions
Taken together, the present study concludes PLP may have cytoprotective and antioxidant activity on isolated primary acinar cells; along with up regulating the amylase, insulin, Ngn3 and PDX-1 protein expression levels, also protecting from H2O2 induced damage.
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